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Reduction of children’s risk from pesticides
requires an understanding of the pathways
by which exposure occurs. Aggregate ex-
posure models that integrate all exposure
pathways have been developed by the
U.S. Environmental Protection Agency
(U.S. EPA) since passage of the Food
Quality Protection Act of 1996 (FQPA;
1996). Such models require an understand-
ing of each source, exposure pathway, and
exposure route, and they aim, in part, to
identify the pathways and routes that are the
most significant contributors to children’s
overall pesticide dose.
Dietary ingestion is one of the pathways
by which children are exposed to pesticides
(Akland et al. 2000; Berry 1997; ILSI 1999;
Thomas et al. 1997). Children eat more food
per body mass than adults, and their diets dif-
fer from those of adults. These diets are often
rich in foods containing higher levels of pesti-
cide residues, such as juices, fresh fruits, and
fresh vegetables (National Research Council
1993). Several national programs monitor
pesticide levels in the food supply (FDA 1996;
USDA 1997), and at least two studies have
examined pesticide levels in duplicate diets of
children (Fenske et al. 2002; Melnyk et al.
1997). Recent work has indicated that chil-
dren’s diets may contain pesticides at levels
above the acute population-adjusted reference
dose (Fenske et al. 2002).
Consumption of foods grown organically
is often perceived to reduce risk by reducing
exposure to pesticide residues (Williams and
Hammit 2001). Organic produce is grown
without the use of many synthetic agricul-
tural products, including most conventional
pesticides (USDA 2001). A recent study of
110 urban and suburban children found mea-
surable levels of organophosphorus (OP) pes-
ticide metabolites in the urine of all children
sampled, except for one child whose parents
reported buying exclusively organic produce
(Lu et al. 2001). This ﬁnding suggested that
conventionally grown produce might be a
primary source of pesticide exposure for
urban and suburban children. No studies to
date have examined this issue.
Our objective in this study was to compare
OP pesticide metabolite levels in the urine of
preschool children ages 2–5 years whose diets
included either mostly organic or mostly con-
ventional juices, fresh fruits, and fresh vegeta-
bles. OP pesticides were selected for analysis
because of their widespread use, their reported
presence as residues on foods frequently con-
sumed by children, and their acute toxicity
(FDA 1996; Fenske et al. 2002; MacIntosh et
al. 2001; USDA 1997; WHO 1986).
Methods
Sample population. Subjects were recruited
from the entryways of two grocery stores in
the Seattle, Washington, metropolitan area: a
local consumer cooperative selling a large
variety of organic foods and a large retail
chain supermarket selling mostly conven-
tional foods. These stores were selected
because they tend to serve clientele with simi-
lar socioeconomic status (middle to upper-
middle class). With permission of the store
managers, customers were approached at the
store entrances and asked about their interest
in the study. Those who had toilet-trained
children in the 2–5-year-old age range were
asked about their children’s diets. Children
whose parents stated that their juice, fresh
fruit, and fresh vegetable consumption was
either nearly all organic or nearly all conven-
tional were eligible for the study. Enrollment
was limited to one child per household. On
the basis of the population variance and mean
urinary dialkylphosphate (DAP) concentra-
tions found in a previous study of pesticide
exposure to children in the Seattle metropoli-
tan area (Lu et al. 2001), we calculated that a
sample size of 40 would yield a power of 0.80
at a 0.05 signiﬁcance level.
Subjects agreed to two home visits spaced
four days apart. Home visits occurred in
June and July 2001. Researchers reiterated
the purpose and protocol of the study at the
ﬁrst visit and obtained written consent from
each parent and verbal assent from each
child. In a few instances, the child was not
available during the visit, so the parent
obtained the child’s assent at a later time.
Parents were provided with a detailed study
protocol, a food diary form, a urine collec-
tion form, and urine collection containers.
Urine samples, urine collection forms, and
completed food diaries were collected during
the second visit, and families were provided
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We assessed organophosphorus (OP) pesticide exposure from diet by biological monitoring
among Seattle, Washington, preschool children. Parents kept food diaries for 3 days before urine
collection, and they distinguished organic and conventional foods based on label information.
Children were then classified as having consumed either organic or conventional diets based on
analysis of the diary data. Residential pesticide use was also recorded for each home. We collected
24-hr urine samples from 18 children with organic diets and 21 children with conventional diets
and analyzed them for ﬁve OP pesticide metabolites. We found signiﬁcantly higher median con-
centrations of total dimethyl alkylphosphate metabolites than total diethyl alkylphosphate
metabolites (0.06 and 0.02 µmol/L, respectively; p = 0.0001). The median total dimethyl metabo-
lite concentration was approximately six times higher for children with conventional diets than for
children with organic diets (0.17 and 0.03 µmol/L; p = 0.0003); mean concentrations differed by a
factor of nine (0.34 and 0.04 µmol/L). We calculated dose estimates from urinary dimethyl
metabolites and from agricultural pesticide use data, assuming that all exposure came from a single
pesticide. The dose estimates suggest that consumption of organic fruits, vegetables, and juice can
reduce children’s exposure levels from above to below the U.S. Environmental Protection Agency’s
current guidelines, thereby shifting exposures from a range of uncertain risk to a range of negligible
risk. Consumption of organic produce appears to provide a relatively simple way for parents to
reduce their children’s exposure to OP pesticides. Key words: biological monitoring, dialkylphos-
phates, diet, organic, organophosphorus pesticides, preschool children, produce. Environ Health
Perspect 111:377–382 (2003). doi:10.1289/ehp.5754 available via http://dx.doi.org/ [Online
31 October 2002]
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Interviews. Parents were interviewed
during the first visit, and information was
collected on child age and weight, parental
age and occupation, annual family income,
home ownership, length of time at the cur-
rent residence, and housekeeping practices.
Parents were also asked about any pesticides
used at the current residence. Researchers
inquired about residential pesticide use in
the home, on the home structure, in the gar-
den, on the lawn, and on pets. Parents were
asked how long it had been since the most
recent application event in each of these
areas and whether the applicator had been
someone from the home or a hired profes-
sional. Researchers asked to see any products
that had been applied and, when available,
recorded the product name, U.S. EPA regis-
tration number, and date and location of
application. Parents were also asked about
their child’s frequency of thumb sucking,
hand washing, and hand-to-mouth activity,
as well as the amount of time the child spent
outside the home.
Food diaries. Parents were asked to
complete a food diary during the two days
before and on the day of urine sampling.
They recorded type and approximate
amount of all food and beverages consumed
by their child for breakfast, lunch, dinner,
and snacks. They also recorded whether or
not each item was organic, determined by
the food’s label. Parents were instructed to
include foods eaten when the child was not
in their company (e.g., lunches consumed at
day care). Water intake was not recorded.
Juice and fresh produce consumption as
recorded by the parents in the food diaries
was converted into units of “servings,” and
number of organic and conventional servings
were calculated for each child. The term
“produce” here is used to encompass all fresh
fruits and vegetables. Servings were calculated
according to the U.S. Department of
Agriculture’s “5 A Day” method for tallying
fruit and vegetable intake (USDA 1995).
According to this method, fruits usually eaten
whole, such as apples, bananas, and peaches,
are counted as single servings. For most other
produce, raw or cooked, 0.5 cup is counted as
one serving. For raw, leafy vegetables, 1 cup
constitutes one serving. Servings equal to
0.75 cup are used for vegetable and fruit
juices. In the current study, dried, canned, or
processed produce was not counted, though
these foods are included in the “5 A Day”
method. If 75% or more of a child’s juice and
produce servings were recorded on the food
diaries as organic, the child was included in
the “Organic” category. If 75% or more of
the child’s juice and produce servings were
recorded as conventional, the child was
included in the “Conventional” category. A
value of 75% was chosen because preliminary
interviews revealed it to be extremely rare for
a family to eat 100% organically; alterna-
tively, a cutoff value of 50% might not have
resolved the two groups.
Urine collection and analysis. Parents
were instructed to collect all urine produced
by their child for a 24-hr period, beginning
on the morning of the third day following
the first visit. Sample collection was not
scheduled on days that children spent in day
care, and parents were encouraged to prac-
tice the urine collection procedure with their
child on the preceeding day. To aid in urine
collection, parents were provided with a
commode specimen collection pan (Baxter
Scientific, McGraw Park, IL), nine 250-mL
polypropylene bottles (Nalg Nunc Inter-
national, Rochester, NY), and a large plastic
container into which the nine bottles fit
(Tupperware, Orlando, FL). Children either
urinated into the commode inserts, the con-
tents of which were then poured into a
polypropylene bottle, or urinated directly
into the bottles. Parents labeled the bottles
with the time of the urination event, and
each event was captured in an individual
bottle. Any missed voids were recorded on
the urine collection form.
Urine collection bottles were stored
inside the plastic container in the families’
refrigerators overnight until researchers
retrieved them the following day. Samples
were then transported to the University of
Washington, where they were processed
immediately. Transport time did not exceed
30 min. Individual voids were combined into
one 24-hr sample in a 1-L polypropylene
container (Nalg Nunc International), and
the total volume collected was measured. For
each child, we calculated the average volume
per void. In instances where parents reported
missing samples, we calculated an adjusted
total volume by assuming each missed void
contained the average volume per void for
that child. Samples were aliquoted into three
15-mL test tubes, and all urine was stored at
–20°C until analysis.
Urine was analyzed for five DAP
metabolites: dimethylphosphate (DMP),
dimethylthiophosphate (DMTP), dimethyl-
dithiophosphate (DMDTP), diethylphos-
phate (DEP), and diethylthiophosphate
(DETP), as reported by Moate et al. (1999).
The sixth DAP compound, diethyldithio-
phosphate (DEDTP), was not targeted
in this analysis because of analytic difficul-
ties. The limits of detection (LOD) were
1.2 µg/L for DMP and 1.3 µg/L for the
other compounds. Urine samples were also
analyzed for creatinine concentration.
Creatinine concentrations were ascertained
using a colorimetric procedure based on the
Jaffé reaction (Creatinine Procedure No.
555, Sigma Diagnostics, Dorset, UK).
However, because the samples represented
full or near 24-hr voids, creatinine adjust-
ment to normalize for hydration was not
necessary.
Quality control/quality assurance. Urine
samples previously determined to be free of
DAP metabolites were taken into the field
intermittently during sample collection and
were analyzed along with actual samples.
Field blanks were not contaminated during
transport.
For laboratory quality control and assur-
ance, one blank sample and two spiked sam-
ples were analyzed along with six actual
samples in each analytic batch. Laboratory
duplicates were analyzed for 10% of the sam-
ples, and quality control criteria required that
there be no more than 15% variation between
laboratory duplicates. Calibration curves con-
sisting of a minimum of ﬁve fortiﬁcation lev-
els were run with each batch, and squared
correlation coefﬁcients (r2) were > 0.9999. In
addition, the laboratory staff was blinded to
the random submission of three blank samples
and four duplicate samples. Average variation
between the randomly submitted duplicate
samples was < 25%.
Data analysis. All samples containing
concentrations below the LOD were
assumed to have concentrations equal to one-
half the LOD. Values were not corrected for
recovery efficiency. Total dimethyl molar
quantities were calculated according to the
formula
[Dimethyl DAP] = [DMP]/125 
+ [DMTP]/141 
+ [DMDTP]/157,  [1]
where metabolite concentrations are in units
of micrograms per liter and the molecular
weights by which they are divided are in
units of grams per mole. The distributions
of the metabolite levels were not normal,
and nonparametric tests including the
Wilcoxon matched pairs signed-ranks test
for paired samples, Mann-Whitney U-test
for independent samples, and the binomial
probability test for proportions were used to
determine significant differences between
groups. These analyses were performed
using the statistical package STATA
(STATA 6, College Station, TX).
Dose estimation. Each child’s estimated
dimethyl OP pesticide dose was calculated
according to the method described by
Fenske et al. (2000). Total molar metabolite
quantities were multiplied by the adjusted
volume of the 24-hr urine sample and the
molecular weight of the parent pesticide,
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according to the formula
Dose = [Dimethyl DAP] 
× Volume × MWpesticide
×  1/body weight. [2]
Dose units are micrograms per kilograms per
day, the metabolite concentrations are in
units of micromoles per liter, volume is in
liters per day, units for molecular weight are
grams per mole, and body weight is measured
in kilograms.
Dose estimation using DAP metabolites is
complicated by the fact that these metabolites
cannot be attributed to specific parent OP
pesticides. Because the nearly 40 OP pesti-
cides used in the United States vary widely in
toxicity, a meaningful assessment of chil-
dren’s risk cannot be made without reducing
the number of OP pesticides considered in
the dose estimation. We used three methods
to eliminate pesticides unlikely to be respon-
sible for most exposures to this population.
First, chemical structures were evaluated, and
only pesticides that produced the most com-
monly occurring metabolite(s) were consid-
ered. Second, pesticides not used on fruit and
vegetable crops were eliminated. The most
and least toxic pesticides fulfilling these two
criteria were included in the dose estimation
analysis to establish a range of possible doses.
Finally, pesticides with the highest use
(annual pounds applied) on fruits and vegeta-
bles were also included in the dose estimation
analysis.
Results
Study participants. Participants originally
included 25 children whose parents identiﬁed
them as eating nearly all organic produce and
juice and 18 children identified as eating
nearly all conventional produce and juice.
However, the food diaries demonstrated that
the diets of eight self-identiﬁed organic fami-
lies and one self-identiﬁed conventional fam-
ily were misclassified, at least for this 3-day
period. Four of the children had diets
reported to be in the organic category, but
the food diaries revealed that only 41–65% of
the total produce and juice servings con-
sumed were actually organic. These children
were not included in further analyses. Four
other children had diets that were initially
classiﬁed as organic, yet < 25% of their total
produce and juice servings were organic.
These diets were reclassiﬁed into the conven-
tional group. Analysis of the food diary of
one child whose diet was initially classiﬁed as
conventional demonstrated that 75% of his
produce and juice servings were organic. This
child’s diet was reclassified into the organic
group. Therefore, for the following analyses,
18 diets were considered organic, 21 were
considered conventional, and 4 were ex-
cluded. Reclassiﬁcation was completed before
receipt of the laboratory results.
Organic and conventional participants
did not vary by age or sex: mean ages were
46 and 47 months, respectively; 56% and
57% were male, respectively. Mean body
weight for both groups was 17 kg (37 lbs).
Families did not differ by home ownership
status or by annual income. No differences
were found between the two groups regard-
ing child activity and behavior. A similar
number of children in each group sucked
their thumbs, and comparable frequencies of
hand washing and hand-to-mouth activity
were reported. Children in the two groups
also spent similar amounts of time in and
out of the home.
Residential pesticide use. Parents of
children with conventional diets were more
likely to report some pesticide use while
living in their current residence than parents
of children with organic diets (86% vs. 56%;
binomial probability test, p < 0.05), as indi-
cated in Table 1. Parents usually remembered
the approximate date of the most recent
application event. In most cases, they were
also able to recall which product was used, or
they had stored the remainder of the product
and provided the label information to the
researchers. Researchers were then able to
determine whether or not the product was an
organophosphate. Most of the pesticides
reported were not OP pesticides. Frequently
reported pesticides included pyrethrins,
Round-up (glyphosate), Raid (cyfluthrin),
Advantage (imidachloprid), and Frontline
(fipronil). Subsequent analysis of residential
pesticide use was restricted to products that
were either definitely or probably OP pesti-
cides. Seven families with conventional diets
and three families with organic diets used OP
pesticides, but this difference was not signiﬁ-
cant (binomial probability test, p = 0.2).
Urine collection and analysis. Some
parents found it difficult to collect all urine
produced by their child over the 24-hr study
period. Several of the youngest children wore
diapers at night, and even older children had
occasional accidents or contaminated the
urine samples with feces. Overall, 13 of the
parents (33%) collected a full 24-hr sample.
Another 15 parents (38%) missed just one
void. Six parents (15%) missed two voids,
and five parents (13%) missed three voids.
On average, children in this study urinated
6.7 times per day, and parents collected an
average of 5.7 of these voids. Collection efﬁ-
ciency did not differ by dietary group. After
adjustment for missed voids, the average vol-
ume collected per child was 570 mL and
ranged from 180 to 1,600 mL.
Of the ﬁve DAP metabolites targeted for
analysis, DMTP was the dominant metabolite
(Table 2), found at detectable levels in 87% of
all urine samples. Only DETP was found with
similar frequency (85%). DMTP concentra-
tions were substantially higher than concentra-
tions of the other four compounds (Wilcoxon
matched pairs signed-rank test, p ≤ 0.0001).
Correspondingly, total dimethyl DAP levels
were significantly higher than total diethyl
DAP levels (medians, 0.06 and 0.02 µmol/L,
respectively; Wilcoxon matched pairs signed-
rank test, p < 0.0001).
Children with organic diets had signi-
ﬁcantly lower levels of total dimethyl metabo-
lites in their urine than did children with
conventional diets (Mann Whitney U-test,
p = 0.0003). Median values differed by a factor
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Table 1. Number (%) of families reporting residential pesticide use by time since most recent application
and diet status.
Questionnaire item Home Structure Pet Lawn Garden Any usea
Reported use of any pesticides
< 1 month
Organicb 1 (6) 0 (0) 2 (11) 3 (17) 2 (11) 7 (39)
Conventional 3 (14) 1 (5) 2 (10) 3 (14) 6 (29) 10 (48)
> 1 month
Organic 1 (6) 2 (11) 3 (17) 1 (6) 1 (6) 6 (33)
Conventional 5 (24) 5 (24) 3 (14) 5 (24) 2 (10) 14 (67)
Ever
Organic 2 (11) 2 (11) 5 (28) 4 (22) 3 (17) 10 (56)*
Conventional 8 (38) 6 (29) 5 (24) 8 (38) 7 (33) 18 (86)*
Reported use of organophosphorus pesticides
< 1 month
Organic 1 (6) 0 (0) 0 (0) 0 (0) 0 (0) 1 (6)
Conventional 0 (0) 1 (5) 0 (0) 0 (0) 0 (0) 1 (5)
> 1 month
Organic 0 (0) 2 (11) 0 (0) 1 (6) 1 (6) 3 (17)
Conventional 2 (10) 4 (19) 0 (0) 0 (0) 0 (0) 6 (29)
Ever
Organic 1 (6) 2 (11) 0 (0) 1 (6) 1 (6) 3 (17)
Conventional 2 (10) 5 (24) 0 (0) 0 (0) 0 (0) 7 (33)
aNumber of families reporting any pesticide use; totals do not add across rows because some families used pesticides in
more than one area. bOrganic, n = 18; conventional, n = 21. *p < 0.05 (binomial probability test).
Children’s Health | Organic produce and children’s pesticide exposureof six (0.03 and 0.17 µmol/L, respectively), and
mean values differed by a factor of nine (0.04
and 0.34 µmol/L, respectively). These results
were unchanged when participants who
reported residential use of OP pesticides were
excluded (data not shown). Diethyl metabolite
levels were not different across the two groups
(Mann Whitney U-test, p = 0.13).
Dose estimation. Because DMTP was the
dominant metabolite found in child urine,
dose estimation was limited to OP pesticides
producing this metabolite. DMTP is created
from the metabolism of OP pesticides con-
taining two methyl esters and one or two thio
groups bonded to a central phosphorous
atom, and is a metabolic product of 13 of the
36 registered OP pesticides (CDC 2001; U.S.
EPA 1999a). These 13 pesticides are applied
to a large variety of crops. Table 3 presents
these pesticides along with some of the crops
on which they are applied (U.S. EPA 1999b,
1999c, 1999d, 1999e, 1999f, 1999g, 2000a,
2000b, 2000c, 2002). Pesticides are listed in
approximate decreasing order of annual
pounds applied on fresh produce crops in the
United States, and crops are listed in approxi-
mate decreasing order of annual weight
applied per crop. This is not a complete list of
crops to which these pesticides are applied;
some of these pesticides are used on up to 50
crops. However, six of the pesticides that pro-
duce DMTP are used only on such products
as cotton, grain, and livestock or in mosquito
control; thus they are not likely contributors
to the difference in urinary DAP levels of chil-
dren with organic or conventional produce
consumption.
The remaining seven pesticides vary
greatly in toxicity and in annual use patterns.
Oxydemeton-methyl has the highest chronic
toxicity [daily reference dose (RfD) = 0.13
µg/kg/day] (U.S. EPA 1999e) and malathion
has the least (RfD = 24 µg/kg/day) (U.S. EPA
2000a). In terms of annual use, more
malathion is applied in the United States than
any of the other pesticides (1.3 × 107 lbs), but
approximately 90% of this use is on cotton
crops to control the boll weevil (U.S. EPA
2000c). The remaining 10% of annual
malathion use is split among mosquito con-
trol, residential application, and grain and
produce application. Thus, less than a million
pounds (5 × 105 kg) is used on fruits and veg-
etables each year. Methyl parathion and
dimethoate have the next highest annual
application rates (4.2 × 106 and 2.5 × 106 lbs,
respectively) (U.S. EPA 1999b, 1999d).
However, 90% of the annual use of methyl
parathion and more than 60% of the annual
use of dimethoate are on cotton, corn, wheat,
alfalfa, soybeans, rice, and ornamentals.
Twenty percent of the annual use of azinphos-
methyl is on cotton, and 4% of the annual use
of phosmet is on alfalfa. However, these two
pesticides are used primarily on fresh produce:
More than 1.7 × 106 lbs (8 × 105 kg) of azin-
phosmethyl and 9.5 ×  105 lbs (4 × 105 kg) of
phosmet are applied annually on fresh pro-
duce crops in the United States (U.S. EPA
1999f, 1999g). These data indicate that of the
OP pesticides producing DMTP, azinphos-
methyl and phosmet have the highest annual
use on fresh fruits and vegetables.
Individual dimethyl OP pesticide doses
were calculated assuming that all exposure
came either from oxydemeton-methyl,
malathion, azinphosmethyl, or phosmet
(Table 4). Doses for children with conven-
tional diets were significantly higher than
doses for children with organic diets for all
four pesticides (Mann Whitney U-test,
p = 0.0002). If all exposure were assumed to
be from oxydemeton-methyl, 88% of the
children with organic diets and 100% of the
children with conventional diets would
exceed the U.S. EPA chronic reference dose.
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Table 2. Individual dialkylphosphate metabolite concentrations (µg/L) and total molar concentrations
(µmol/L) in the urine of children with organic and conventional diets.
Individual Total molar
metabolites (µg/L) concentrations (µmol/L)
Dietary classiﬁcation DMP DMTP DMDTP DEP DETP Dimethyl Diethyl
Organic (n = 18)
Median 0.6 2.8 0.7 0.7 2.0 0.03* 0.02
Mean 1.1 4.3 0.8 1.0 2.7 0.04 0.02
SD 1.0 4.3 0.5 0.7 2.7 0.03 0.02
Percent detectable 22 78 11 17 83 – –
Conventional (n = 21)
Median 0.6 14 2.1 0.7 3.0 0.17* 0.02
Mean 1.9 41 4.8 0.8 4.0 0.34 0.03
SD 2.7 48 10 0.5 3.3 0.38 0.02
Percent detectable 43 95 62 14 86 – –
Total (n = 39)
Median 0.6# 5.8# 0.7# 0.7# 2.7# 0.06** 0.02**
Mean 1.5 24 3.0 0.9 3.4 0.20 0.03
SD 2.1 40 7.7 0.6 3.1 0.32 0.02
Percent detectable 33 87 38 15 85 – –
*Dimethyl concentration in conventional diets > dimethyl concentration in organic diets; p = 0.0003 (Mann Whitney U-test).
**Total dimethyl > total diethyl; p < 0.0001 (Wilcoxon matched pairs signed-rank test). #Total DMTP > other four metabolites;
p ≤ 0.0001 (Wilcoxon matched pairs signed-rank test).
Table 3. Molecular weights (g/mol), chronic daily reference dose (µg/kg/day), annual application
(106 lb/year), and common crop type for application for the 13 OP pesticides that metabolize into DMTP.
Total
Chronic annual Some of the most common crops for application
Pesticide MW RfDa applicationb by approximate quantity of usec
Pesticides used on fresh fruit and vegetable crops
Azinphosmethyl 317 1.5 2.2 Apples, cotton, almonds, pears, peaches, 
walnuts, potatoes
Phosmet 317 11 1.0 Apples, peaches, walnuts, almonds, pears,
alfalfa, nectarines
Dimethoate 229 0.5 2.5 Wheat, alfalfa, cotton, corn, soybeans, 
lettuce, citrus, apples
Malathion 263 24 13 Cotton, corn, wheat, oats, mosquito control,
strawberries
Methyl parathion 263 0.2 4.2 Cotton, corn, wheat, soybeans, rice, apples, 
apricots
Methidation 302 1.5 0.2 Almonds, oranges, plums/prunes, walnuts, 
grapes, artichokes
Oxydemeton-methyl 246 0.13 0.2 Broccoli, cauliﬂower, brussels sprouts, wheat,
alfalfa, corn
Pesticides not used on fresh fruit and vegetable crops
Chlorpyrifos methyl 323 1.0 0.08 Wheat, stored grain, livestock
Pirimiphos methyl 305 0.2 0.01 Stored grain, livestock, sorghum
Fenitrothion 277 1.3 NAd Ant and roach baits – not for food
Dicrotophos 237 0.02 0.3 Cotton
Fenthion 278 0.07 0.03 Livestock, mosquito control
Temephos 447 – 0.03 Mosquito larvacide – not for food
aChronic oral reference dose in units of µg/kg/day (U.S. EPA 1999a, 1999b, 1999c, 1999d, 1999e, 1999f, 1999g, 2000a,
2000b, 2000c, 2002). bAnnual application in the United States (106 lbs/yr). cA sampling of the most common crops to
which the pesticide is applied (U.S. EPA 1999a, 1999b, 1999c, 1999d, 1999e, 1999f, 1999g, 2000a, 2000b, 2000c, 2002); crops
are listed in decreasing order of pesticide use. dFenitrothion is used on 26% of wheat gluten consumed in the United
States, nearly all of which is imported from Australia; thus, no information is available on annual pounds applied in the
United States (U.S. EPA 2000b).
Children’s Health | Curl et al.Conversely, if either malathion or phosmet
were assumed to be the source of all exposure,
no child from either group would exceed the
RfD. However, if azinphosmethyl were the
only source, one child with an organic diet
(6%) and 11 children with conventional diets
(52%) would surpass the RfD.
Discussion
This study demonstrates that dietary choice
can have a signiﬁcant effect on children’s pes-
ticide exposure. To our knowledge, no other
studies have tested this hypothesis. Our ﬁnd-
ing that children who consume primarily
organic produce exhibit lower pesticide
metabolite levels in their urine than children
who consume conventional produce is consis-
tent with known agricultural practice,
because organic foods are grown without pes-
ticides. Consumption of organic produce rep-
resents a relatively simple way for parents to
reduce their children’s pesticide exposure.
Exposure pathways. Diet appears to have
been the primary pathway for OP pesticide
exposure for this population. One-third of the
conventional diet families and one-sixth of the
organic diet families reported some use of OP
pesticides for residential pest control. However,
residential pesticide use did not appear to con-
found the analysis; the results were unchanged
when participants reporting residential OP pes-
ticide use were excluded. Drinking water is
another potential source of pesticide exposure.
However, virtually all participants in this study
reside in the Seattle metropolitan area and
receive their water from a municipal water sys-
tem. Further, a previous study of OP pesticide
exposure in Seattle did not detect residues in
drinking water (Kedan 1999).
Dose estimation. Very different conclu-
sions regarding risk can be drawn depending
on the pesticide to which the dose is attrib-
uted. If a more toxic pesticide is chosen, such
as oxydemeton-methyl, nearly all of the esti-
mated daily doses are above the U.S. EPA
chronic reference dose. Alternatively, if a less
toxic pesticide is chosen, such as phosmet or
malathion, none of the daily doses are above
the RfD. However, if all exposure is attributed
to a relatively toxic and commonly applied
pesticide, azinphosmethyl, consumption of
organic produce and juice can shift most of the
doses from above the RfD to below it. It is
unlikely that these doses stemmed from azin-
phosmethyl exposure alone, but this analysis
demonstrates that consumption of organic
produce and juice may be able to shift chil-
dren’s exposure from a range of uncertain risk
to a range of negligible risk within the context
of the U.S. EPA’s current risk framework.
Comparison with other populations. A
recent study of children in the Seattle metro-
politan area reported a median dimethyl DAP
concentration of 0.11 µmol/L (Lu et al.
2001). This value is approximately midway
between the children with primarily organic
diets (0.03 µmol/L) and those with conven-
tional diets (0.17 µmol/L). This finding is
consistent with the notion that the 110
children in the previous study represented a
mixture of organic and conventional diets.
The Centers for Disease Control and
Prevention (CDC) have periodically analyzed
biologic samples from the National Health and
Nutrition Examination Survey (NHANES).
In 1999, the NHANES-III was conducted in
12 locations across the country, and CDC ana-
lyzed samples to establish national reference
ranges for biomarkers of 27 chemicals (CDC
2001). OP pesticide metabolites were among
the chemicals investigated. Urine samples col-
lected from over 700 subjects 6–59 years old
were analyzed for six DAPs. In the top 50% of
these values (50th percentile and higher),
DMTP and DMDTP levels in the urine of
children with conventional diets were above
the levels in the NHANES population, while
DMTP and DMDTP levels in the urine
of children with organic diets were lower
(Table 5). In contrast, DMP levels in the
top 50th percentile of the U.S. population
exceeded corresponding levels for children
with both organic and conventional diets.
However, the magnitude of difference in uri-
nary levels between the study children and the
NHANES adult population was much greater
for DMTP than for DMP. This suggests that
while children with conventional diets may
have higher dimethyl OP pesticide exposures
than the general population, exposures to chil-
dren with organic diets may be lower. Diethyl
ﬁndings are less clear (CDC 2001).
The higher levels found in the urine of
children with conventional diets are consis-
tent with the 1993 National Research
Council report Pesticides in the Diet of Infants
and Children, which postulated that children
receive proportionately higher pesticide expo-
sure through their diet than do adults
(National Research Council 1993). The
lower levels found in the urine of children
with organic diets support another National
Research Council hypothesis, that the pre-
dominant route of pesticide exposure for
most children is the diet (National Research
Council 1993). Our current study suggests
that consumption of organic foods may be
able to reduce children’s exposure levels
below those of the general adult population.
Limitations. There are several limitations
to this work. First, the 43 children who par-
ticipated in this study were not necessarily
representative of children in the Seattle met-
ropolitan area. A true probability sample of a
similar population would provide a stronger
basis for generalization of these findings.
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Table 4. Dose estimates (µg/kg/day) for each of four organophosphorus pesticides based on attribution of
all dimethyl metabolites to each pesticide (conventional > organic, p = 0.001).
Percentiles
Pesticide (RfDa) Mean 25th 50th 75th 90th Max
Oxydemeton-methyl (0.13)
Organic 0.3 0.2 0.2 0.4 0.6 1.2
Conventional 2.2 0.4 1.3 3.2 5.2 7.8
Azinphosmethyl (1.5)
Organic 0.4 0.2 0.3 0.5 0.8 1.6
Conventional 2.8 0.6 1.7 4.1 6.7 10
Phosmet (11)
Organic 0.4 0.2 0.3 0.5 0.8 1.6
Conventional 2.8 0.6 1.7 4.1 6.7 10
Malathion (24)
Organic 0.4 0.2 0.2 0.4 0.6 1.3
Conventional 2.3 0.5 1.4 3.4 5.6 8.3
Max, maximum.
aChronic oral reference doses in units of µg/kg/day (U.S. EPA 1999d, 1999e, 1999f, 1999g, 2000a, 2000c).
Table 5. Comparison of urinary DAP concentrations
(µg/L) for children eating conventional and organic
diets with NHANES-III data for DAP concentrations
in the general U.S. population.
Percentiles
Compounds 25th 50th 75th 90th
DMP
Organic <LODa <LOD <LOD 2.2
Conventional <LOD <LOD 2.2 2.8
NHANESb 0.8 1.7 3.8 7.4
DMTP
Organic 2.5 2.8 4.5 8.8
Conventional 5.8 14 61 93
NHANESb 0.7 3.8 9.0 23
DMDTP
Organic <LOD <LOD <LOD 0.9
Conventional <LOD 2.1 4.4 5.4
NHANESb <LOD 0.6 2.1 5.4
DEP
Organic <LOD <LOD <LOD 2.4
Conventional <LOD <LOD <LOD 1.4
NHANESb 1.1 1.9 4.9 11
DETP
Organic 1.5 2.0 3.2 4.1
Conventional 2.1 3.0 4.6 6.5
NHANESb 0.6 0.7 1.0 1.5
a<LOD equals “less than the limit of detection.” For the
current study, the LOD for DMP was 1.2 µg/L and for
DMTP, DMDTP, DEP, and DETP, the LOD was 1.3 µg/L. For
the NHANES study, the LOD for DMP was 0.51 µg/L, for
DMTP the LOD was 0.18 µg/L, and for DMDTP, the LOD
was 0.08 µg/L (CDC, 2001). bData from NHANES-III as
reported by CDC (CDC 2001).
Children’s Health | Organic produce and children’s pesticide exposureSecond, residential pesticide use was assessed
based on interview data. In some cases, study
participants were unable to cite the specific
pesticide that they had applied, and in these
instances the pesticide was assumed to be an
organophosphate. However, some misclassiﬁ-
cation may have been introduced by relying
on subject recall.
A third limitation of this work was that
not all of the samples represented full 24-hr
voids. Some parents missed as many as three
voids during the collection period, and it is
difﬁcult to determine the effect of the missing
voids on the overall results. In future studies,
it would be useful to require the parents to
practice the urine collection procedure with
their child before the actual sampling. This
was suggested to parents in the current study,
and those who reported practicing were more
likely to collect all of the samples.
Another limitation concerns the model
used for dose estimation. This model assumes
that 100% of the absorbed dose of dimethyl
OP pesticides is expressed as DMP, DMTP,
and DMDTP, which likely leads to an under-
estimate of the true dose (Fenske et al. 2000).
For example, an intravenous dosing study of
azinphosmethyl using human volunteers
demonstrated that only approximately 70%
was actually excreted in urine (Feldmann and
Maibach 1974).
The ﬁnal limitation of this study involves
dose attribution; analysis for generic DAP
metabolites does not allow for deﬁnitive calcu-
lation of dose from biological monitoring
results. Without the collection of duplicate
diets, the specific pesticides responsible for
exposure cannot be identiﬁed, and a cumula-
tive risk approach to dose estimation cannot
reasonably be employed. The goal of the dose
estimation procedure used in this study was
simply to determine whether or not there was
a possibility that the measured exposures could
have biological relevance. The difference in
dose estimates attributed to either malathion
or oxydemeton-methyl reﬂects the large range
of toxicities within the organophosphate class.
Dose estimates attributed to azinphosmethyl
or phosmet are more likely based on pesticide
use patterns, yet it is unlikely that any single
pesticide is responsible for all of the exposure.
Further, the pesticide use information that was
the basis for our analysis is from the United
States only. Residues on imported foods may
also be an important source (FDA 1996).
Conclusion
This study found that children with primarily
organic diets had significantly lower organ-
ophosphorus pesticide exposure than did chil-
dren with primarily conventional diets. Dose
estimates generated from pesticide metabolite
data suggest that organic diets can reduce
children’s exposure levels from above to
below the U.S. EPA’s chronic reference doses,
thereby shifting exposures from a range of
uncertain risk to a range of negligible risk.
Consumption of organic produce represents a
relatively simple means for parents to reduce
their children’s exposure to pesticides.
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